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Discussion. 
‘I,,- rrcridcnt. THE PREYIIHW moved :I vote of th:mks  to  tbc Artthor for 11is 

v:tluable Pnper. 
\[p. Crutt,vcll. R[r. c. E. W. CRUTTwELr, remarked  that  in  p:~ragraph (c) on 

p. 185,  the  Author  implied  that a stress of 5 tons  per  sqwre inch 
might  be produced in  the  metal  by :;L change of temperature of 
60” F., allowing 1 ton  per  square  inch  for  every 12”. A stress of 
that  intensity would only  be possible if all contraction  and  expan- 
sion of the  metal were absolutely  restrained. H e  could not call to  
mind  any  instance  where  such a s h t e  of affairs existed. In   t he  
discussion on Mr. Farr’s  Paper  in 1900, the  late  Sir  Benjamin 
Baker  said  that 2 tons  per  square  inch would be a not  unreasonable 
allowitnce to  make in respect of temperature.  Even  that would be 
very  liberal, and anything  like 5 tons was quite  out of the 
question. With  regard  to  impact,  his firm, as  engineers  to  the 
Bengal-Nagpur  and  other  railways,  had  had a good deal of 
experience, and of late  years  the  question h:ld been  prominently 
before  them  in consequence of the heavy expenditure which h;td 
to  be  incurred in order  to comply with  the Rules. I n  191 2 Sir 
John  Wolfe  Barry,  in  reporting  to  the  Bengal-Sagpur Company, 
said the  Rules  were  very  hard  upon  bridgework, innsnlnch as they 
required provision to be made  for loads  which in the cRse of short 
spms  and cross girders came to  no less than 130 per  cent.  in excess 
of the  actual  loads  to which they were subjected.  Kot  only had 
the  actual  loads to be  increased  by  nearly 100 per  cent. for the 
impact allowances of Table I of the Appendix, but in addition  the 
standard  theoretical  loading prescribed by Ta.bles 111, IV, and V 
were themselves considerably in excess of the  actual loads, and  that 
excess also  had  to be increased by  nearly 100 per  cent.  Very  much 
smdler allowances had been  suggested by Mr. Farr, who thought 
that   an allowance ranging  from 30 per  cent.  for :L 5-foot  span  to 
10 per  cent.  for a 100-foot span would bt! enough in  the Case of 
main  girders, while for cross girders  he suggested an allowance of 
50 per  cent.  with  girders spaced 3 feet  apart,  diminishing  to 25 per 
cent. if the  spacing were increased to  10 feet.  Although,  perhaps, 
Mr. Farr’s allowances  were rather  under  the mark in  most cases, 
on  the  other  hand  the allowance required by the  Indian  Rules was 
a good deal  in excess of what was  necessary, and  he w.oultl give ;tn 
instance which  he thought  bore  out that view. He h ; ~ d  recently 
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had  to  investigate  the  strength of an old wrought-iron  bridge of Mr.~rut tmel l .  
150 feet span, built 40 years ago,  which had been carrying far 
heavier loads than it was designed for. H e  applied  the  Indian 
Rules  for  impact,  and  found  that  the  stresses  arrived a t   in   tha t  
way  would be in excess of the  elastic  limit of the  material, 
especially in  the case of cross girders, in which the flanges would 
have been stressed  to  nearly  16  tons  per  square  inch,  while  the 
tension booms of the  main  girders would have been stressed  to  more 
than 12 tons  per  square  inch.  Even  taking one-half of the  Indian 
allowance, the  stress  on  the booms would have  been lO* tons,  and 
on the cross girders 12% tons,  per  square  inch.  The  elastic  limit of 
the  material,  wrought  iron, was not more than 11 tons-or a t   the  
most 1 2  tons-per square  inch,  and  as  the  bridge  had been carrying 
those  heavy loads for  many  years,  and  had  shown no signs of 
faiIure, i t  was evident  that  the  actual  stresses  due  to  impact,  and all 
the  other  factors  referred  to by the  Author  under  the  headings ( a )  
to (f), could not in the  aggregate  have  amounted  to so much as 
one-half of the  Indian allowance. The cross girders in that case 
were 5 feet  apart;  the  Indian allowance, according to  Table I, 
would be 97 per  cent., half of which  was 48;), per  cent.,  and 
it was quite  certain  that  the  stress could never  have  amounted 
to  SO much in that  particular  instance. H e  thought,  there- 
fore,  that  50  per  cent. would be an  ample allowance for cross 
girders.  For  simplifying  calculation, etc., it would be  very 
desirable t o  adopt a uniform allowance of 50 per  cent.,  not 
only  for cross girders, but also for  rail-bearers,  and  for  main 
girders  up  to a span of 50 feet. Beyond that  span,  where 
the  proportionate dead weight became more considerable, the 
modified Pencoyd  formula  referred  to  by  the  Author would give an 
ample  nmrgin of safety.  The allowance under  that modified 
formula  for a 50-foot span would be 50 per  cent.,  the  same  as  the 
uniform allowance he had suggested for all spans below 50 feet. 
The modified allowance for a  100-foot  span  would be 33 per  cent.  as 
compared  with  75  per  cent.  under  the  present  rule,  10  per  cent.  for 
:L &@foot  span as compared with 40 per cent., and 5 per  cent.  for a 
!)GO-foot span  as compared with 24 per  cent. It was interesting  to 
note  that  at  the  end of his  Paper  the  Author  said  that  the  weights 
of girders calculated according  to  the modified Pencoyd  formula 
were practically  identical  with  the  weights calculated according  to 
the  Board-of-Trade  Rules. On measuring  the  ordinates of the  curves 
given  in  Fig. 23, Plate 6, it would be  found that  the Board-of-Trade 
weights  averaged 70 per  cent.,  and  the modified formula  weights 
72 per  cent., of the  weights  calcnlntrd nccording to  the  present rules ; 
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Mr. Cruttwcll. and  in Mr. Cruttwell's  opinion the difference was so mnch \Tasted 
material.  The  Uonrd-of-Trade  unit  stress  had been  adoptetl :).S 

1)eing one-fourth of 26 tons,  which  was the lowcl. limit of tllc 
dtimate  strength of mild  steel  when  the  rules  were  introlluced. 
As mild  steel could  now  be obtained  with a higher  limit of ultilnxte 
tensile  strength  equal  to 28 and even  30 tons per  square  inch, he 
thought it might be  assumed that  the Board-of-Trade  Rules,  and 
in  even  greater  degree  the modified formula, would  give an ample 
margin of safety  when  the  work was properly  designed and executed. 
If the  design or workmanship  were  faulty, he  did  not  think  any 
quantity of metal  put  into  the  bridge  under  any  impact  rule would 
ensure  the  safety of the  structure. 

MY. ~ i l s n n .  Mr. J. S. W I L S O N  congratulated  the  Author  on  dealing  with  a 
very difficult subject. At  the  outset  he  had been  beset  with 
difficulties. The  headings ( a ) ,  (b) ,  (c) and (d) (p. 185), relating 
to  the  points  to be  covered, had  no  considerable  foundation of 
experiment  to go upon,  and  in  that  connection  one  of  the 
first  things  necessary would be some  bolder  experiments  on test- 
pieces where a different  distribution of stress was obtained. I n  
girders  there  were  perforated pieces in every  part,  and it was 
well known  that,  in a tensile  test-piece  having a hole in  it, 
the  stress at the edge of the hole  was  nearly  twice the  average 
stress. H e  had  demonstrated  that  himself,  with  indiarubber 
models that  could  be  measured. If any  question  as  to  the  break- 
down of material  due  to  repeated  stress  had  to  be  asked, some 
basis of fact  relating  to  perforated  specimens  was necessary. If 
the  stresses  were  liable  to exceed  those  calculated, then  that 
doubling of the  stress  in  the  vicinity of the hole  would  also  have to 
be taken  into  account.  With  regard  to corrosion  and the question 
how long a girder was  expected to work, that was a matter  that  ought 
to be contemplated in  the specification. Was  the  girder expected 
to  be replaced in  20, 30 or 40 years?  Further, how  much  corrosion 
was  expected, and how  much extra  weight  had  to be supported  on 
the  bridge ? It was  impossible to state  these  considerations 
definitely;  but  in  framing a specification they were  important. 
H e  believed the bold  course to  take  with  regard  to corrosion 
would  be,  regardless of the weight, to  add  to  the  thickness of the 
material  to allow for corrosion.  Limiting  the  minimum  thickness 
of a bar  was  very  useful  in  its way, but  in  the design the  full 
width  was used ; e.g., a 3-inch by  3-inch  by  $-inch  angle-bar might 
be just  strong enough to  satisfy  the specification, but  nothing 
\vould  be left  for corrosion. If some general  statement were made 
to  the  effect thiat any  material  within 3 or  4 feet of the  permanent 
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way  should  hare i- inch  added,  and  any  material moye than  that MY. milson. 
distance  from  the floor should  have  inch,  he  thought a better 
nllowance for corrosion might  be  made.  The  most  important  point 
he wished to  refer  to TVRS the  form of the specification. In  1891 
his  late chief, Sir  Benjamin  Gaker,  prepared  what was probably 
the  first  British specification of a modern  type,  and produced :L 

w r y  thorough specification. The  one  referred  to in the  Paper 
seemed to  be of the  American  type,  impact  being allowed for 
according  to  the  Pencoyd  formula, which  was practically  the differ- 
ence  between  the  American  type  and  the  British  type of specifica- 
tion. In such  impact  formulas  as  the  Pencoyd,  the  limit of stress 
depended on the loaded length of the  girder : supposing,  for  instance, 
the  Pencoyd  formula were applied  to a girder 30 feet in length  antl 
the  limiting  stress was found  to be 5 tons  per  square  inch,  then, 
if the  girder was 32 feet  long, a slightly  higher  stress was allowetl. 
That seemed to  be a very  general  and  satisfactory  kind of result, 
bu t   i t  broke down. According to  the  Author,  in cross girders i t  
\vas nsual  to  assume a certain  length.  The  formula  also  apparently 
hroke  down  with  regard  to road-bridges. For a 32-foot girder  it 
was possible to  adopt a limiting  stress, which could he sh t ed  
cluite definitely,  without  having  any  formula, antl that  WAS what 
Sir  Henjamin  Ihker  did. He said  in  his specification that  girders 
30 feet  long  might be stressed up  to a certain  stress,  and  girders 
28 feet  long  up  to  another  stress ; all  the allowances for  impact 
were  contained  in a carefully  regulated  series of stresses. I n   t h e  
same way, instead of having  to  apply  the Pencoyd formula to  a 
thing  to which it could not  properly  be applied, Sir  Benjamin 
Baker  said  that in cross girders  or  in  hangers a definite  stress 
might  be allowed. In connection  with  any proposed  specification 
tha t  particular  type was very  important. It was  exceedingly 
tlifficultl to  apply  the complicated American  type  to a specification. 
A book recently issued with  regard  to  girder  work  contained tile 
American  Railway  Xngineering Association's  specification, and 
started  to  apply it to  the  design of n girder.  The specification 
mid  that  for  extreme fibre stress in girders 16,000  lbs. per 
square  inch  might be allowed, and  farther  on  in  the specification 
it was  said tha t  in the case of a girder  the  limiting  stress  might 
be 16,000  lbs. minus some proportion of the  unsupported  length, 
divided by the  width of the flange. I n   t h e  book the calcuJntion 
was applied,  and 16,000 lbs. per  square  inch was  used, but if the 
specification  were applied  properly  and allowances  were made for 
the  unsupported  length of the flange, a much lower stress  should 
be applied. Therefore,  with  such complicated  specifications there 
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Air. Tj'iIron. was a difficulty. With a  strain-sheet  the live-load and  the  dead- 
load stress were given,  but  the loaded length was quite  :mother 
matter.  He could not see that  the Pencoyd formula bad any 
scientific  basis whatever.  Knowledge  regarding  the  limiting 
stresses,  taking  into  account  fatigue :tnd so on,  wts based on 
the ratio, and if the  stress-sheet  had :L live-load stress  and :L 

dead-load stress it would be much efisier to  apply a formula 
depending  on  those  stresses th:m one  depending O K ~  the loaded 
length.  For  instance,  taking a road-bridge, if the  authorities 
framing a specification fo r  India decided that it was likely that 
:m  elephant would stand  on  one  leg  in  the  middle of a 20-foot 
girder,  then  they could state a stress of, say, 24 tons  per sqnare 
inch,  and  not  leave  it to  n dr;xughtsman to  discover how the 
I'encoyd formula could tell  him 110w many legs the  elephant 
was likely  to  stand  on.  With  regard  to  the  failure of the 40-foot 
girder,  he  thought  the  Author was rather  hard on iron. H e  
olhained  test  results of 19 tons  and 20 tons  per  square  inch  for 
that  material,  and  considering  that  the best iron wonld not give 
more thtxn 22 tons, that was not so bad.  The  failure of the 
girder was c1e:trly due  to  the  small  ratio of its  depth  to  its  length. 
Any  girder  with a less ratio  than 1/10 was considered shallon-. I l e  
thought  the proposal  nmde some years  ago  to design according to  
strain  rather  than  stress  had  many  advantages  in  bridgework. If 
the  strains mere measured  and  kept  account of, :I, shallow girder 
would  show up immediately ; there would be excessive deflection, 
:mcl the  stress could be reduced, or the  girder  made deeper. I n  
conclusion, anyone who had had  anything t o  do in  the way of 
cornparing specifications, or comparing  the  results of their applica- 
tion, would renli7.e the  extreme difficulty of the whole subject. 

~ r .  de Broe. Mr. V. E. de BROE wished to  make  two  or  three brief observa- 
tions,  the  first  relating  to  working-stress. In the  days before the 
introduction of the new theory, based on Wiihler's and  other 
experiments, the working-stress was fixed arbitrarily  and  empiri- 
cally, with L I S ~ I ~  a factor of safety of 4. Some  engineers accepted 
the  theory as scientifi~~lly conclusive :lnd some did n o t ;  but it 
seemrd to him that  those mho, like  the  Author, (lid  accept it, were 
not  entitled  to give themselves  the  initial  credit affortled by t l r t .  
factor.  The  Author  started  with  the  assumption  that all comput- 
able  strains,  including dead and  live loads, mind-pressure,  fa.tigue 
and  impact,  entirely  absorbed  the  working-stress of 8 tons  per 
square  inch allowed by the  Government of India,  and  he  super- 
imposed on the 8 tons R gronp of strains  admittedly non-calculable. 
Mr. de BroG did  not  think it was ever  found in practice  tllnt  the 
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8 tons  stress was even  nearly  approached  under  the  live  and dead Mr. de Eroe. 

loads  and  wind-pressure  actually imposed ; but even  supposing that 
that  stress  might,  under i t  cerbin combination of circumstances, be 
reached, any nddition:ll strains,  whether  due  to  impact  or  to  incal- 
cuhble stresses-for which the  Author proposed to  make  extra- 
ordinary allowances-were fully provided for in the  large  margin 
of safety  lying  between  the 8 tons  working-stress  and  the 16 tons 
elastic  limit. If the  Author were to  start  building  his  monument of 
strains  from zero or ground-level  upwards,  carefully  analysing  every 
stress produced, and  adding  first  computable  and  next  non-comput- 
able allowances, he would  find the  crest of his edifice reached  far  short 
of the  line of elastic  limit.  The second point Mr. de Bro6 wished 
to  refer  to w:w impact.  There  were  many who thought  that  with : L  

working-stress of 7 or 8 tons  per  square  inch  for  steel  and a factor 
of safety of 4, impact,  even  on  the  shortest of spans,  might be Fafely 
treated  as a  negligible quantity.  The  Author  was firmly  convinced 
of the necessity of allowing for  impact,  and  he based his belief in :L 

large  measure  on deflection tests  and  extensometer  tests,  and  he  had 
plotted a series of such  tests in Plate 3. Those  curves  often crossed 
each other,  thereby  denoting  varying  results of experiments,  and 
it was very  important  to  note also that  the  extensometer  and 
deflectorneter curyes  did  not  tell  anything  like  the  same  tale,  and 
consequently  the  question arose,  which, if any, of the  multiple  curves 
plotted were to be accepted Z Obviously, to  accept a mean of sucll 
discrepant  results would utterly  fail  to give  a  scientific coeficient. 
Even  the acceptance of the  maximum  curve  failed  to  satisfy  the 
Author himself,  who was driven  to  reject  all  the  curves  in  favour 
of the  Pencoyd  curve,  which,  on  his own showing, was largely  iu 
excess of all of them.  Therefore Mr. de BroB did  not  think  the 
instrument teskq gave  anything  to  go by. With  regard  to loading, it 
must  not be forgotten  that it was on  the  metre-gauge  systems  that 
the whole question  had its origin, in respect  to  loads which the 
Government of India at one period  prescribed for  that gauge, 
which loadings, reaching as they  did  equality  with  broad-gauge 
loadings, were  challenged  and  resisted by several of the  railway- 
companies. Such  being  the case, it was unfortunate  that  the 
au tho r  had chosen to confine his defence of loadings  enacted  by 
the  Government of India  to  broad-gauge  loadings  rather  than to  
those prescribed for the  metre  gauge. In so doing  he  appeared  to 
have  sought  the  line of least  resistance. With regard to   the broad 
gmge,  the  Author  admitted an excess in  the  Government  loads 
over  those of engines  in  nctud use in  certain cases, and  he  dmit ted 
the excess to be still more  obvious with  regard t o  the  metre  gauge, 
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Nr. dc ~ r o c  and  that  lie had  no  justification  to ofi’er beyond saying  that bec:wsc 
impact  had to  be  allowed for, the  Government  loadings  were  in 
his  opinion  reasonable. But, impact  had  equally  to  be allowed for in  
dealing  with  broad-gauge  static loads, and  the  Author’s argument, 
alppeared therefore  to lead to  a non sequitur. It w:ts to be regrettetl 
that  the  Author  had  not  plotted some metre-gauge  curves  similar to 
the broad-gauge  diagrams  given in  Fig. 1, Plate 3, showing llow the 
heaviest  metre-gnuge  engine-loads  compared  with the  Government- 
of-India 1908 curves, as  the  result would  probably  be  somewhat 
startling. As to fixing  minimum  standard  loadings, if minimum 
standard  must be established  embracing  the whole of India,  the 
governing  unit  should be the  weight of the heaviest coach or wagon 
used in  interchange  between  railways,  and  not  that of the heaviest 
engine  in use, or  likely  to be used, in  any  railway or section of rail- 
way  which had  the  heaviest  trafic. Coaches ancl wagons  travelled, 
or were  liable to  travel,  over  any  railway of the  same  gauge  in  the 
whole peninsula,  but  engines  were confined to  their  parent  line  and 
to  psrticular sections on  that line. Under  normal  time-tables  an 
engine  never  left its own line  to go on to  a foreign  line,  and if 
under  abnormal  conditions it had to  run  over a foreign  line, 
no  considerations of weight of rail or  strength of girder would 
be  allowed to  stand  in  the way ; the  engine would be ~ L I I I  

under  proper  precautions,  just  as  any  other  unusual load  was 
run.  With  the wagon as the  unit,  in place of the engine, the 
loadings  shown in  Table I11 of the  Government-of-India 1908 
Bridge  Rules  were  hugely excessive as a minimum  standard 
applicable to  all  railways  regardless of their  character  and  degree 
of development. It might  be  urged  that  one  standard,  and  that a 
high  one,  was  very  desirable for  Indian railways, to  enable  army 
mobilization to  be carried  out  unhampered in  case of need. But 
if that  were  accepted as a desirable  aim, it seemed to  him  that 
the  weight of the  rails would stand  out as a much  more irn- 
p o r h n t  factor  than  the  weight of girders. A heavy rail, however, 
wn.s not specified  by the  Government;  and it was left  to each 
Administration  to  select  the class of permanent  way  for  itself. 
Economy in  railway  construction  was  nowadays of paramount 
importance,  seeing  that it was falling  more  and  more  into  the 
hands of private  enterprise,  owing  to  lack of State  funds,  and 
private  enterprise  naturally looked askance a t   any  project which 
failed to give 4 per  cent.  dividend  on  the  capital  outlay. The 
quantity of metal  to be put  into  bridges  was  largely a question of 
policy for any Company to decide for  itself,  according to   the 
circumstances of each particular case, and if economy in  first 
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construction  were  given  to  the  engineer  as  the  keynote,  he would Ur. de Broe. 
be  failing in  his  duty  to  his employers if he  ineisted  on  heavier 
girders  than  were  necessary,  just as he would fail  in  insisting  on a 
heavier  rail-section than was necessary. No one could  deny, and 
no  one would take  the  trouble  to  question,  that  heavy  girders  and 
heavy  permanent  way  were  more  satisfactory  than  light  in  every 
way  for  railway  construction ; but  when it became a question of a 
light  railway  that paid,  versus a heavy  railway that  failed  to  pay, it 
was for the  promoters  to  decide,  and  to  give  their  engineer  his 
“riding orders.”  For  those  reasons  Mr.  de  Broe  thought the 
subject  had  not  been  treated  by  the  Author  on  the whole of its 
merits, whose defence of the  Indian  Bridge  Rules,  while  very 
interesting,  did  not cover the whole ground.  The policy of railways 
was also  a  question of quite  as  much  importance  as  the  technical 
engineering  side.  The  Swiss  Government,  which  had  recently 
revised its bridge-rules  (and  the  Swiss  were  noted  as  being  very 
able  practical  railway-engineers),  had  introduced  the  impact 
formula 2 (15 - I) per  cent. of the moving  loads, I being the span in 
metres. It was obvious a t  a  glance that  this  admitted of no  impact 
dlowance  for  bridges of 15 metres  (say  50  feet)  and  over.  They 
further fixed an allowance to  meet  the  stress clue to application 
of brakes.  Applying  both  these  factors,  he  found that for  a  50-foot 
span an allowance  totalling  only 13 per  cent. was enacted, a s  against 
about 86 per  cent.  produced by the application of the Pencoyd 
formula  (Fig.  15,  Plate  5).  The  Swiss  working-stress was 6.98 tons 
per  square  inch.  Even  allowing  for  this  against  the  Government- 
of-India 8 tons,  the  Swiss  allowances  for  impact  and  braking were 
very  much  lighter  than was the  Indian  impact allowance. With 
regard  to  the  failure,  or  what  the  Author  regarded  as  failure, of 
certain 4O-foot wrought-iron  girders  on  the  North-Western  Railway, 
he would like  to  point  out  that  as  they  were 33 years of age they 
must  have  been  originally  designed  to  the  Board-of-Trade  standard 
of 5 tons per  square  inch.  Applying  to  these  girders, as did the 
Author,  the  Pencoyd  rnle,  which  admitted of 88 per  cent.  for  impact, 
this would bring  the  stress  up  to 9.39 tons per square  inch,  and if 
the  Author  really believed they were bearing  this, because of his  con- 
fidence in the Pencoyd  formula,  he  must  admit,  not so much that  the 
girders  were  weak,  as  he  implied,  but that  they  were  greatly  over- 
loaded.  There was no  doubt  whatever  that  the weight of engines 
and  rolling  stock  on  the  North-Western  Railway  had  increased 
enormously  during  the  lifetime of these  girders,  and  considering 
to  what  extent  they  were  overloaded,  they had not  done so badly 
& , e r  all  in  carrying “ the heaviest  loads in use on that railway.” 
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Mr. Thorpc. Mr. W, H. THORPE was not  one of those  who believed in any 
considerable allowance for impact in  the case of railway-bridges, 
his  experience  showing  him  tha.t  the  metal of such structures 
might  be  stressed  in  exceptional cases very considerably-to, 
say, 9, 10 and 11 tons  per  square  inch  in  wrought iron-without 
any  mishap  resulting,  though  he could hardly  say  without  injury, 
for  want of knowledge as  to  the  'true  condition of the  metal. It 
certainly seemed reasonable  and  consistent  to  make some  allowance, 
particularly for small  spans,  but  in  the case of the  main  girders of 
larger bridges, from 100 feet  span upwa.rds, it was  less  necessary. 
Of the  many  impact  formulas,  he  thought  the  Peucoyd  type  had 
the  most  rational basis. In that fornlula  the  length  over which the 
load must  run  to produce the  maximum effect on a member was ;L 
measure of the allowance to be made  for  impact. H e  thought  that 
gave a better  measure of the  degree of impact  than  any  other 
formula. It would be  noticed that  the  ratio of the fixed load to  the 
total of fixed and  moving load  increased with  the  length travellecl 
to  produce  the  maximum  stress.  The  length  travelled was again 
in some measure an  indication of the  time  taken  to produce 
the  maximum effect. That  time was important was  evidenced 
by  the  behaviour of metals  on  sudden  fracture,  or  contrariwise 
by the  behaviour of metals  when heavily stressed over very  long 
periods. In illustration of that  he  mentioned  two  mishaps  in 
connection  with roofs. About 38 years ago  some incaution  on 
the  part of a sub-contractor led to  the  fall of two of the  large 
principals  over  the  newer  portion of 'Lime Street  Station in Liver- 
pool ; the  members of the roof fell  from a great  height  and  broke 
on  the  ground.  On  examination,  the  fractures showed that  there 
was no  elongation  and no reduction of area,  though  the  metal was 
evidently good. He had  seen  the  same  thing  in  the  broken  parts 
of the  Charing Cross roof which failed 8 or 9 years ago; there 
\c-;ts the snrne sudden  fracture  and  the  same  bright boldly crystalliuu 
appearance.  The  iron in each  case was of excellent quality,  but 
the  very  sudden shock had produced a break  without,  reduction of 
area  and  without  elongation. On the  other  hand,  he  had seen  cast- 
iron bars which, as a result of settlement  during  many years, h;Ltl 
bent  without  fracture  to a pronounced  curve. Those  were extrenle 
cases of metals  broken  suddenly, or not  broken  although  stressed 
heavily  over a long period. Time  was of the  greatest  importance 
as  affecting  the  behaviour of metals  under  stress,  and  the Pencoytl 
formula W:LS valuable, as it allowed for  this.'  The  Author's  state- 

- - ~ ~~ - 
' There we, howcvcr, cmes of coutinuity, or of counterlmcing, to \vllicll tile 

p r y m  upplication of this formula iu not immediately apparent,.-W. H. 'F. 
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merit that  impact eKects on  main  girders were more noticeable at &lr. Thorpe. 
I O W  speeds  was in  agreement  with Mr. Thorpe’s own  experience ; 
but  all  the cases in which he  had observed that  result  had been 
when a bridge  had  been loaded with a long  mineral-train  running at 
a IOW speed (15 or 20 miles per  hour)  in which there was a rhythmic 
beat of the wheels of the wagon on  the cross girders.  The excess of 
deflection of the  main  girders in that case was  not so much a matter 
of impact  as a cumulative effect-the constant  repetition of small 
loads in equal  times.  On cross girders  and floors he would expect 
to  get  from  heavy  driving-wheels lower impact effects a t  low speeds 
and  higher effects at the  higher speeds. The influence of a large 
dead load in modifying  impact  was  very considerable. The  heavier 
the structure,  the less these effects, and  he  thought  that accounted 
for  the  disinclination  engineers  on  English  railways commonly 
had  to  trouble  themselves  to  any  great  extent  about  impact 
allowance for main  girders, because they  found it was not of the 
greatest  moment.  Most  railway  bridges  in  England were heavily 
ballasted on the floor, or of heavy floor-construction, and  there 
were, with  respect  to  main  girders, no marked  impact effects. I n  
America,  where  the floor was very  light,  and  in  India,  where  it 
certainly was lighter  than in England,  the effects of impact  on  the 
whole structure  were  probably  more  marked  and  more  likely  to 
attract  the  attention of engineers. 

importance-at all  events  to  Indian engineers-of coming to some 
determination on the  matter of impact formulas. H e  could not 
speak  from  experience of the effect in  England,  but  he  had been 
Government  Inspector of Railways  and  Consulting  Engineer  in 
India  about  the  year 1895, and  subsequently  during  the last 4 or 
5 years of his 30 years’ service  there.  About  1895 a girder  scare 
began ; all  engineers  who  knew  anything  about ca.lculations  were 
set  to work to check the  girders,  and  thousands of pages of calcula- 
tions  were  got  out. At  that  time  there was one  method of allowing 
for impact, which  was to  double the  moving load. If the  results 
of the  calculations  had been followed blindly, by  far  the  majority 
of the  girders in use on railways in India would have been 
condemned a t  once, and  heavy suspicion  was in fact  thrown  on 
many miles of girders which he  had  no  doubt,  had  not  the  scare 
been  started, would have been doing good service at  the  present 
day,  but  many of which were  now on the  scrap heap. Their 
reputation  had been so badly  damaged that  even  the  builders of 
light  railways were very  shy of having  anything  to do with  them. 
A Government  inspector  in  lndia  had to do  more  than  the Boartl- 
of-Trade  inspector  had to do in England, because he  had  to 

Mr. J. N. D. LA TOUCHE wished to emphasize very  strongly  the & I r . ~ s  Touche. 
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3 1 r . h  Touche. inspect  annually  the  lines  to which he was assigned,  and  had 
practically  to  give a certificate that  the  bridges were safe  for  the 
loads  which  they  were  carrying.  The  result of not  having  any 
clew  and defined rule  to follow : d  defend was  to place the 
inspector occasionally in a position of some embarrassment. H e  
might say that n certain  girder  did  not  appear  to be safe  with 
the loads it hac1 t o  carry,  while at the  same  time it was pointed 
out  to  him  that  the  girder W-as  carrying  those  loads  without  distress, 
m d  be  was  asked  whether  he  thought it ought  to be changed. 
l i e  llad simply  the  Governnlent  Rules  to  give a.s R reason. The 
Chief Xngineer of Railways in  India  was  not  absolutely  bound 
by Government  Rules in the way the inspector  was  bound,  and 
he W:LS not  bound  to  take  the  inspector’s word as an order to 
change  the  girder. If one  went  by  what  one  observed,  instead o f  
consenting  to be a creature of rules,  the effect  was to  throw 
the  greatest  doubt  on  the  rules. H e  could only  remember 
very few girders  that showed any  real  signs of failure.  There 
was one  set of girders  on  the  line, of which his  friend  the 
Author  was  bridge  engineer, which had a very  large  number of 
loose rivets at each end,  and  immediately  the  rivets  were  tightened 
up they became loose again.  There was, again,  the  Ruskilga  bridge, 
mentioned  in  the  Paper.  This  bridge was badly  corroded  iind a 
hrge  quantity of iron  appeared  to be eaten  out of it, and  yct 
i t  showed no  signs of weakness, although  carrying  very  heavy 
loads. H e  had  known a few other cases of loose rivets,  but  none 
in which any  other  incipient  signs of real  failure  appeared.  One 
began  to lose faith  in calculations, but  the  fact  was  that  the views 
on  the  strength of girders  had been based almost  entirely  on calcu- 
lations  and  not  on  actual  experiments. At present  he believed the 
end of calculations  had been reached ; all that calculations could do 
had been  done. An  attempt  should now be made  to find out 
definitely  what ;Lctually took place in a girder  under a moving  load. 
There could be no  doubt  that  the  stresses  induced  by 2% moving load 
were  considerably  greltter  than  the  stresses  induced  by  the  same 
load when  gently placed on a bridge. The  saving of a very  large 
number of useful  girders  depended  on  the  answer which The  Insti- 
tution was asked  to  give  to  the  question  raised by the  Author;  and 
that he  knew  to  be  the  real  motive of the Paper-to attempt  to  get 
an authoritative  opinion which would clear away  the  fog  surrounding 
impact  formulas. H e  himself had  made some experiments  with  that 
end in view, and  he  had placed on  the  table a little  instrument  which 
he had designed to  measure  the  stresses  in  girders  under  load. A t  
present  the  instrument chiefly in use was  Fraenkel’s  extensometer. 
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His own instrument  did  not  pretend  to  do so much as Fraenkel’s Mr. La Touch  
extensometer ; it clid not  pretend  to give  a  continuous  record of all 
that  was  going on in  the  girder ; all i t  did was to  measure  in a very 
simple wn,y the  maximum  effect of the  moving  load. His reason 
for  designing the  instrument was that Fraenkel’s  extensometer, 
excellent  as it was, was not only  expensive but was  also  a  somewhat 
ticklish  instrument  to  deal  with.  At times i t  was obvious that  the 
pencil  would  not  return  to  its zero point ; sometimes the  instrument 
would  give  one zero, and  then  another,  and  another. It required 
infinite  patience  exercised  over a long  time.  The  instrument on 
the  table cost  about  one-sixth of Fraenkel’s,  and  this  enabled a 
large  number of extensometers  to be  used on  a  bridge a t  one 
time, which  was a point of some  importance.  Dr.  Unmin  had 
told  him that it WAS very  little use taking  the  stress  on  one  side 
of a piece only; it must be taken  on  both  sides,  and  therefore :I 

p i r  of instruments a t  all  events  should be used. The  conclusion 
he was driven  to by the  Paper,  by  the  difficulty  the  Author  found 
in giving  any decided  opinion, and by his own experience of girders, 
was that  engineers  were  practically  ignorant of what  really  took 
place in  a  girder  under  moving  load,  and  that  experiment  alone 
could  clear the  matter  up. 

observed that it was one thing  for  The  Institution  to  legislate  for 
the  requirements of Great  Britain,  but  quite  another  thing  to 
provide  for the necessities of the  great  Dominions  in  the  Southern 
Seas. It had  been  his  privilege up to a year  ago  to be in  Sydney 
and to lrave administrative  charge of the  New  South  Wales 
Railways.  Although  he  had  not  been  directly  responsible  for  the 
bridges  on  those 4,000 miles of line,  yet  ultimately,  as  the  adminis- 
trator, he  had  been  responsible. He did  not  speak,  however,  in  any 
critical  way of what was  done  by the Engineer-in-Chief of existing 
lines, but  rather  to  let  The  Institution  know  the  direction  in which 
cngineew in Acwtralia  went. H e  was inclined to agree  with  the 
remarks of the  last  speaker  that  no one  really  knew  what  took 
place, and  that it was absolutely  necessary, if possible, to come 
to  some  definite  conclusion  as  to  what  provision  should be made 
for the stresses  which  were  set up by  impact. I n  England  the 
maintenance  engineer of a  railway  did  not  always  get  to  know 
the  condition of the locomotives  which  were running  upon  the 
railway  he  had  to  maintain ; but  Mr.  Johnson  had  been  able  in  New 
South  Wales  to  get  all  that  information for himself.  Whenever 
anything  happened  to  excite  suspicion,  he a t  once  asked the Chief 
Mechanical  Engineer  for  the  weights of a  particulitr  engine ; and 

M r .  T. K. JOHNSOS, speaking  from  experience  in  Australia, &. Johnbon. 
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f r .  Johnson. it was  startling  to find how frequently  the loatling of the  engines 
was  altogether  diEerent  from  what was expected,  and  from  the 
diagram by which it was  supposed to be represented.  The  noto 
he  wanted  to  sound  that  evening was the  importance of what wtw 
known in Australia as transferred  loading. It WAS one  thing  to 
take  into  account  the  impact caused by the  balancing of recipro- 
cating parts-which probably could be  taken  into  account quite 
efticiently-but, when that  had  been done, wits i t  possible to  say 
tha t  a11 was known  that  ought  to be known  with  reference  to 
the load on a particular  pair of wheels, which pair of wheels was 
carrying a far  greater load than was intended, owing to some want 
of adjustment of the compenuating  levers P H e  remembered  one case 
which  occurred about 3 or 4 years ago, ant1 which broL1ght holnt: t,o 
him  first of all  the  importance of the blow given by the  balancing 
of the  reciprocating  parts.  On  one occasion a ‘’ T class ” engine (:m 
eight-coupled locomotive with a pony  truck in front)  ran down :L 

gradient of about 1 in 50 and  through a station  with a very heavy 
load. Examination of the  permanent way afterwards showed t h t  
eighteen  rails  were  broken.  The  standard  rail a t   t ha t  particular 
part weighed 714 lbs. per  yard ; there was nothing now less th:m 
80 lbs. per  yard.  The efTect of the  high speed of a &foot  6-inch 
wheel of an eight-coupled  engine, coming down  that  gradient, IVRS 
to  seriously  damage  the  permanent way. R e  desired  to  support 
the view which the  Author  had  taken. H e  was certain  that  tho 
Xngineer-in-Chief in New South  Wales was wise when  he snitl 
that   in view of the  increase  in  the  weight of locomotives, and 
of the  failure of old girders  to  provide for imprtct, it wxs 
advisable to  make an allowance of a t  lea& 100 per  cent. of tlw 
rolling  load,  and  that was the  practice  to-day. It WAS not done 
exactly in  that  way,  the  practice in the  Public Works Depart- 
ment of most of the  States  being  to  provide  typical engines, 
which  were, of course, a great  deal  heavier  than  those  actually ill 
use, and  thus  provide  for  the  higher  stresses  that  might be expected 
in  the  future, owing to  the  weights of locomotives increasing 
considerably. 

hlr. Gribble. Mr. c. GRIEBLE observed that  what  every  bridge-engineer woultl 
like  to  have decided  was, what  the  factor of safety  really  should be, 
and  what it was  intended  to cover. In the past, in this  country, 
bridges  had  been designed to  the  comparatively low stress of 
6 * 5 tons  per  square  inch,  and  the  custom  in most engineers’ offices 
had been to  ignore all such factors  as  impact  on  account of this 
low stress. I n  certain ofices,  however, although  “impact” wns 
neglected, the  working-stresses were  reduced by a “range-of-stress ” 
formula, MO that  approximately  the  same  result  was  obtained.  The 
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(IiEeference in principle between the  two  methods was that a range- Mr.Crib11le. 
of-stress  formula was intended to allow for  fatigue of material 
due  to  repeated  loading,  whereas  an  impact  formula was intended 
to allow for  an  actual  increase of load  due  to  impact  and  for every- 
thing  usually covered by that  term.  The effect of either  method 
W:LS much  the same, but, of course, depended  upon  the precise 
formula  adopted. What was now needed on  British  railways was a 
clear understanding  whether it was necessary to  allow for “ fatigue ” 
or  “impact,” or both,  and, if so, what allowance  was  necessary, 
After  deciding  this  point,  the  further  question of working-stress 
must be considered, taking  into  account  the  assumptions  made as 
t o  fatigue  and  impact.  The  higher  stress of 8 tons  per  square inch 
dop ted  by  the  Indian  railways was justified  by  the  fact  that n 
large  number of factors  were  taken  into  account  there which  were 
ignored in Great  Britain. It was  impossible to  decide upon a factor 
of safety  without  fully  considering  what it was  intended  to cover. 
About 10 years ago he  calculated,  for  the  railway on  which he was 
employed, a loading-table which  covered all the locomotives, trolly- 
wagons, and vehicles in use  on  the  line. It was  recognized that 
the  matter was governed  by  the  Board-of-Trade  rule of 6.5 tons 
per  square  inch. It was also  recognized, principally  as  the  result 
of the discussion at the  Institution  on Mr. Farr’s  Paper in 1900, 
tha t  some  allowance for  impact was necessary, and  the  percentage 
adopted was something  like  that which Mr. Farr suggested:  the 
maximum  had been 50 per  cent. ; on  the 100 feet  span it was 
10 per  cent.;  and  on 200 feet  span 4 per  cent.;  then  dying  out 
to  nothing.  That  system  had  had  the  result of increasing  very 
considerably  the  weight of the floor-systems of the  bridges.  The 
table llacl been in use ever since, and hac1 been much  more con- 
venient  than  any  range-of-stress  formula. In using  the  latter 
it was  necessary to  calculate not only  the  tensile  and compres- 
sive  stress  but also the  safe  shexing  and  bearing  stresses  in  the 
rivets.  When  the  first  calculations  had been made,  and  the  bridge 
was being  designed, it probably became  necessary, in revising  the 
calculations,  to  alter  all  the  stresses  on  account of the  revised dead 
loads : so that   the whole matter was very complicated. The  impact 
fol-n~ula  was Imrely empirical, and considerably less tl1n.n t l ~ e  
Pencoycl formultt, but i t  gave rosulh very similar t,o those  given 
by the Author’s figures, the  higher  impzct allowance in  the  latter 
being  counterbalanced  by  t,he  higher  working-stress. H e  had com- 
pared it with  range-of-stress  formulas in use  on  three  other  British 
raiIwn.gs, and  the  results again were very  similar  to  his own :tnd 

~~ ~~ 

1 Ninutes of Proceedings Inst. C.E., vol. csli, p. 2. 
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m .  Grillhle. the Anthor’s. The following  Table  showed the comp%rative  results 
obtained by the five different  methods :- 

T. In~lian Government  FLdways;  stress, 8 tons  per  square inch; itnlurt, 

11. Tt~iln-a,~ A ; strew, 6 . 5  tons per a ~ ~ u m e  inch ; impact  according t o  n 
according to the Pencoyd formula. 

mecial formula. 

JII. 

IIT. 1, c ; 1 ,  

V. ,, D ; ,, ; stress  for rail-hearers, 4 tons per aquare inch. 
,, cross  girders, G ,, 
,, main ,, , 6 . 5  ,, 

1, 9 9  

I ,  > *  

Ihil-bearer, 7 feet 8 inches  spun. ~ Cross girder, 14 feet spau. 
Dead loacl, 2 . 4  tons. 
Tive  load, 21.58 ton$. Live lontl, 80.95  tons. I Dent1 load, 7 . 4 3  tons. ’ 

Modzclrts Reqwiwrl. 
~- 

I. 4 3 .  i cubic inrhw 205’5 cul>ic inclle.; 
11. 59.4 ,,  ,, 19::’:: ,, .1 

TIT. 1 38.1 (, ,, 184.6 .. ,, 
1 V .  44.2 ,, ., 215.0 ,, ,, 
1’. 4 6 . 6  ,> I ,  186.4 ,, ,, 

~~~ . ~~. -~ ~~~ ~. ~ - . ~ ~. . ~~ 

i 

Main plate  girder, 102 feet  span, 10 feet Main lattice girder, 196 feet. 
deep. 6 inches span, 2 2  feet deep. 

I>ead load, 89 tons. Dead load, 200 tom. 
Jive load, 201 tons, Lire load, 391 tom. 

Ranylle Area Reywirerl  (Centre). 

It would be  seen that  Railway C used :t formula which  gave  heavier 
results than the  Indian  Government  railways employed, even 
though  no  impact  formula  was in use. It hsd been often asked 
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how an  impact  percentage could  be  justified when  there was IIr. Gri1,bIc. 

no  sign of failure  in  wrought-iron  bridges  designed  without  any 
i rnpct  percentage at all. 111 a pnrticolar  tlouble-line  bridge 
tlwrct were  some  cross girders which,  according to calculations, 
appeared  to be very  highly  stressed,  but  there was no  great 
deflection. The reason  was  obvious.  The  calculations  had  been 
of the old-fashioned  type. When  careful  deflection  tests  were 
made,  measuring  the  deflections of the cross girders  and  the 
angular  movements of the main  girders  to  see how  much  end 
fixation  there was, it was  found that   the  stresses  were  about half of 
those  given by the  ordinary  method of calculation. No allowance 
for  impact could  be  assumed to  cover secondary  stresses clue to  end 
fixation,  nor was it possible to allow for  them  by  adjusting  the 
working-stress.  Most  bridge-engineers, however, appeared  to  design 
their bridges in  the following  manner. The cross girders  and 
main  girders were  designed as  independent  pxrts,  each as a freely 
supported  girder,  and  were  then  riveted  together as strongly as 
possible, and  i t  was  said that  that would add  greatly  to  the 
strength of the bridge. It did to a certain  extent,  but  in  other 
ways it diminished it. Too  much  metal  was put at the  centre of 
the cross girders, but  not  enough  at  the ends. In  thecase of cross 
girders  attached  to  the  verticals of lattice  girders,  the  latter \vert3 
often  altogether  overstressed  by the secondary  stresses. What  W:LS 

necessary in  such cases  was to calculate the secondary  stresses ant1 
to  put  the  metal  in  the  right place, and  not  to allow for  secondary 
stresses in  the impact coeflicient or the  factor of safety-or at least 
not  for  such  secondary  stresses as could  possibly  be  calculated. H e  
did  not  think  there  had been as much  calculation of secondary 
stresses  as  there  ought  to be. It was very difficult to  arrive 
at  the  moment at the  end of the cross  girders, but it had been 
ascertained  experimentally. H e  had  measured  the  angular move- 
ment of main  girder4  when  the load came on the cross girders, 
and  from  that  had deduced the  amount of end  fixation in   the Cross 
girders ; and  that  had been the  means of saving  bridge-floors  which 
would have been  condemned  by  ordinary  calculations. He did not 
think  that 40 years  ago  any cross girders  were  designed  otherwise 
than  as  freely  supported  beams. It W : ~ S  almost impossible to  lay down 
R general  rule,  but  many  careful  experiments on those  lines  might 
be  made  with  advantage,  and would  give useful  information  as to  
what occurred in  bridges. As a matter of fact,  in  no  bridge,  out 
of hnndreds  which  had  been  calculated in  the  last 10 years,  had I w  
found that  the  stress, when  corrected  for all secondary  stresses, 
and  after  making allowance for impact  on  the  lines  already describetl, 
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311.. Gribblc. reached the  elastic  limit,  and  therefore  there  was  no case what- 
ever  for  saying that  the  amount of impact allowed was impossible 
owing to  the  fact  that  the  bridge  did  not  fail ; because if it did  not 
exceed the elastic  limit it would not be expected to  fail. In many 
cases the  calculations  were  made  in  such a, rough-and-ready way 
that  altogether  too  high  stresses were  assumed in  the  girders.  The 
loading-table which he  had compiled practically  agreed  with  the  one 
compiled by  the  Railway  Xngineers’ Association. Unfortunately, 
no decision had been come to by the  latter,  except  with  regard  to 
the  actual  loading.  What was required now was further  data  and 
eiperiments  to fix exactly  what  factors  should  be  taken  into 
account,  and  what  might be safely  left  for  the  factor of safety to  
cover. In   the   next  few  years  engineers  ought  to  have much more 
useful  information at   their  disposal, and it seemed to  him  that 
calculations  should be made  more  carefully  and ,scientifically th:tn 
they  had been in  the  past, 

11~. pallmer. Mr. FREDERICK PALWER desired  to  make a correction in regard 
to  a statement  made  by  the  Author  in  his  reference to the 
Lansdowne  bridge  over  the  Rohri  chmnel on the  North-Western 
Railway.  The  number of rivets  in  that  bridge exceeded a million, 
so that “ 25 per  cent.” (which the  Author  mentioned  as  being  the 
number loose) meant  about 250,000. That  statement was so alarm- 
ing  that  Mr. Palmer  had  written  to  the  manager of the  railway on 
the  subject  and  had been informed that  the  statement wa.s not 
correct,  the  number of rivets  found loose being 18,000 (less tlvan 
2 per  cent.),  all of which had  since  been replaced. 

l’itzmaurlce. 
~ i ~ N ~ ~ ~ j , ~ ~  Sir MAURICE FITZXAURICE remarked  that  the  moving loads 

adopted by the  Government of India seemed to  be  extremely low, 
bearing  in  mind  the way in which axle-loads  were increasing.  There 
were  axle-loads in America 25 to 35 per  cent.  higher  than  the 
loads specified in  the  Paper. A very common loading in  the 
United  States,  known as “ Cooper’s E-50 ”-a standard load some 
years ago, but now often exceeded-was considerably  greater  than 
the loads in the  Paper. H e  did  not  know  the  conditions  under 
which  the  railwkys  in  India  were  run,  but  knowing  the  tendency 
towards  heavier  train-loads  for economical  working, it seemed to 
him tint 21e:tvier axle-loads  than  those specified ought  to be take11 
in designing Ixidges. I n  America  the  axle-loads  were  increasing 
continually, in  spite of the  fact  that  gradients were  being reduced. 
Anyone who had  considered  railway-working  either in  this  country 
or in America in recent  years  knew  the economies which  had been 
cEected by he:wier train-loads,  and  consequently  heavier locomotives. 
H e  considered the  elastic  limit of steel  taken in the I’;tpe~s, mrnely, 
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1 5 . 6  to  16  tons  per  square  inch,  was  too  high  for  steel used in  sir Maurice 
bridge-work. As far as engineers mere  concerned, the  elastic  limit 
was the  ultimate  strength.  With  the  steel now  generally used for 
bridge-work-the  Engineering  Standards  Committee’s specification 
of 28 to 33 tons  per  square  inch  ultimate  strength-he  did  not 
consider it safe to  take  an  elastic  limit of more  than  14.5  tons. 
Generally  speaking, if all  the  stresses  which  existed in  a  bridge 
were  known, he would adopt  working-stresses  very  little below 
the elastic  limit, but  the  unfortunate  thing was that  engineers 
knew  very  little  about  the  stresses  which  actually  existed beyond 
those  calculated  as  directly  tensile 01- compressive. Of all the 
other  stressee,  due to causes  which the  Author  set  forth  fully on 
p. 185,  very  little  was  known.  They  were  different  in  each  bridge, 

Fitzmaurice. 

and  no  certain  calculations could  be made in  connection  with 
tllem. With regard to  impact,  the  experiments t;bbulated in the 
Paper were  interesting, but  he would like  to have had  some further 
information. He  rather  gathered  from  the  Paper  that  the extenso- 
meters  or  deflectometers, in  the case of 30-foot  to  40-foot  spans,  had 
been  used  on  girders  on  single  lines  where  the  permanent way  was 
laid on  top of the  main  girders,  and  in cases of longer  span  where 
cross girders  were  used.  The  Author  stated  that he  had eliminated 
several of the  higher  readings  obtained  for  impact,  but  that was 
a great  mistake, as the  higher  readings  were  the  things  engineers 
desired to  know : they  wanted  to know the worst. It was interesting 
to know that  even  with  t,he  rednced  readings  the  Author  had  found, 
for 40-foot  spans, 40 per cent.,  80  per  cent.,  and 60 per  cent.  as  the 
increment  for  impact in  three cases of main  girders.  The  Pencoyd 
rule was >L very common rule,  and was generally used  because i t  was 
simple  and  convenient;  it more than covered what  experimental 
tests  had  shown  to  be necessary. But  assuming  there  were  higher 
results,  he  did  pot  think  the  Pencoyd  rule would  be found  to be 
1w-y much  above the  mark up to  spans of 150 feet.  The  working- 
atress of 8 tons  per  square  inch  adopted  by  the  Government of 
India included the  increment for impact  calculated  according to 
the  Pencoyd  rule. The  question  put  forw~rd by the  Author,  as  far 
AS he understood it, was whether,  under,  such  conditions,  the  stress 
,of 8 tons  per  square  inch would  be  reached in  actual  working  due to  
,direct  stress  plus  impact. If it were not  reached,  there would be a 
nmrgin  on  the 8 tons;  but if i t  were  exceeded,  was the difference 
;between the 8 tons  and  the  elastic  limit sufficient to cover all  the 
,other  stresses  which  might  occur,  due to causes mentioned  on p. 185, 
plus any  impact  not  taken  care of by the Pencoyd  rule ‘c The 

,experiments  made  showed that  t).)f?K’? U’?S consides.&lr: latitude for 
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individual  opinion as to  impact, a,nd there was  considera.bly 
more latitude  in  regard  to  the  stresses  due  to  causes  mentioned on 
p. 185. For main  girders up to  spans of 150 feet  he would adopt 
the Pencoyd  rule  and  the 8 tons  working-stress. H e  considered 
this would  be safe in  cases where  the  permanent  way was supported 
directly  on  the  main  girders,  and would give a greater  margin of 
safety  where  the  rolling  load  came on to  the  main  girders  through 
cross girders. For spans  exceeding 150 feet  he  considered  the 
Pencoyd  rule  gave  rather a larger  margin of safety  than was 
necessary. As to cross  girders,  he  agreed  with the  Author  that 
the Pencoyd  rule  did  not  give sufficient margin of safety. H e  
considered it should not be  used  for cross girders, or, if it were 
adopted,  he would diminish  the  unit  working-stress  from 8 to 
63 tons per  square  inch. He  thought  the  rules of the  Govern- 
ment of India  rather  inelastic,  but  that was inevitable. H0 could 
quite  'understand cases of bridges of special  construction,  such as 
where  extreme  eccentric  loading  occurred, in which the  rules  hardly 
gave  enough  margin of safety.  On  the  other  hand, in bridges 
of very  simple  and  straightforward  design  the  margin  might be 
excessive. When  large  spans  had  to be  dealtx  with,  each  individual 
bridge  should  be  dealt  with  specially. H e  would like  to  draw 
attention  to  the necessity of all connections in  all bridges  being 
designed on  extremely  conservative  lines.  Nothing was said  as  to 
the  state of the  permanent way or rolling  stock  used in  the  experi- 
ments.  There was a great  deal of information  in  the  Paper,  and  no 
doubt  the  Author  had  found it so long  that  he  did  not wish to  make 
it longer,  though  he  might  have  said  a  great  deal  more. H e  did 
not know  whether  the  girders  in which t.he rivets were  loose and 
the  joints were  working  were put forward as awful  examples, or to 
show  how long traffic could  be carried  under  such  circumstances. 
Girders  in  that  state  might, of course,  carry traffic fo r  a considern,ble 
time. H e  had  the  advantage  many  years  ago of seeing all the 
experiments  which Sir Benjamin  Baker  made  with  regard  to  the 
effect of repeated  bending. A ba.r might look quite good after a 
million  bends, and  yet fail after  another 200 or 300. It, was 
exactly the same  with  regkrd to girders  when  stressed up to  the 
elastic  limit. It would  have  been a n  advantage if the  Author had 
said  whether  the  bad  riveting  mentioned was done in  the shops or 
was field riveting, because the  latter was not  often so good. H e  
himself liked to  reduce the  stress  for field rivets 25 per  cent. below 
what  he would adopt for shop  riveting. 
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